A collection of 94 Vibrio isolates closely related to Vibrio harveyi, together with named reference and type strains, were investigated for phenotypic and genotypic properties. Using amplified fragment length polymorphism (AFLP), nine clusters were recognized. The largest cluster (n = 36), considered to be the bona fide V. harveyi group, contained the type strains of V. harveyi and Vibrio carchariae and most of the strains isolated from fish. The type strains of all other species, including Vibrio alginolflicus, Vibrio parahaemo/flicus, Vibrio campbellii and Vibrio natriegens, clustered outside this group. By ribotyping, V. harveyi and V. carchariae patterns were very similar, insofar as they shared most bands. The V. campbellii type strain had several bands in common with the type strains of both V. harveyi and V. carchariae, whereas the other species were clearly distinct from these three species. DNA-DNA hybridization experiments showed 88% DNA binding between the type strains of V. harveyi and V. carchariae, whereas the DNA binding between V. harveyi and V. campbellii was 40%. Although the delineation of the species V. harveyi is still uncertain, the authors propose, on the basis of a number of tests, to delineate a core of V. harveyi strains which contained the type strains of both V. harveyi and V. carchariae. It is concluded that V. camhariae is the junior synonym of V. harveyi.
INTRODUCTION

Taxonomic evidence that Vibrio carchariae
Hawaii USA shellfish species (Karunasagar et al., 1994; LavillaPitogo et al., 1990; Liu et al., 1996; Pass et al., 1987) .
The first reports of Vibrio carchariae as a pathogen were published in 1984, after the organism had been isolated in 1982 from a brown shark (Carcharhinus plumbeus) found dead in captivity (Grimes et al., 1984a, b) . The biochemical properties were thoroughly described by Grimes et al. (1984a, b) , who also showed that the organism was pathogenic to various elasmobranch fish and to mouse cell cultures. The name of the species was approved in 1985 (Anonymous, 1985) . Grimes et al. (1985) described the bacterial flora of sharks caught off the Bahamas coast, and mainly found Vibrio alginolyticus, V. harveyi, Vibrio furnissii, Vibrio damselae, V. carchariae and some unidentified vibrios. This was the first report of the isolation of V . carchariae in nature, i.e. not associated with disease in sharks.
V. harveyi and V. carchariae were shown to be members of the normal flora of carcharinid sharks (Grimes et al., 1993) . Recently, we have studied bacterial strains isolated from outbreaks of disease among sea bass (Dicentrarchus labrax) and sea bream (Sparus aurata) in aquaculture, and from sharks held in captivity, as well as from water samples from the tanks in which they were kept. These bacteria were identified as V. harveyi or V. carchariae, but we were not able to distinguish the two species. In a study of Grimes et al. (1993) , V. harveyi and V. carchariae clustered together on the basis of biochemical characters, and Alsina & Blanch (1994) could not separate the two species by biochemical properties. In addition, the type cultures of these two species showed almost identical 16s rRNA base sequences (Aznar et al., 1994; Kita-Tsukamoto et al., 1993; Ruimy et al., 1994) . These results leave no doubt that V. harveyi and V. carchariae are closely related. The purpose of the present study was to identify and characterize V. harveyi-and V. carchariae-like organisms and to compare type strains of the two species to evaluate more precisely the relationship between them by means of phenotypic and genotypic properties. 
METHODS
K. Pedersen and others
Amplified fragment length polymorphism (AFLP) fingerprinting of genomes
Extraction of genomic DNA. Cells were harvested from marine agar and washed in 500 p1 RS buffer (1 50 mM NaCl, 10 mM EDTA; pH 8-0). After centrifugation, the cells were resuspended in 100 pl TE buffer (10 mM Tris/HCl, 1 mM EDTA; pH 7.6) and 15 p1 RNase (250 pg ml-l) was added to the suspensions. Lysis of the cells using Sarkosyl/ guanidinium thiocyanate (Sigma) and further extraction of genomic DNA were as described by Pitcher et al. (1989) . The DNA was finally dissolved in 100 pl TE buffer (10 mM Tris, 0.1 mM EDTA; pH 8.0). The DNA concentration was determined by measuring the A,,, on a spectrophotometer (1 AZG0 unit = 50 pg DNA ml-'). The integrity of the DNA was checked by electrophoresis in a submerged horizontal agarose gel (0.8-1-0 YO, w/v) using an electrophoresis buffer (40 mM Tris-acetate, 1 mM EDTA; pH 8.0) containing 0.5 pg ethidium bromide ml-l. DNA preparations were stored at -20 "C.
Oligonucleotide adaptors and primers. The sequences of the HindIII and TaqI adaptors and primers used in this study are given in detail by Janssen et al. (1996) .
Template preparation. Template preparation was as described by Vos et al. (1995) and Janssen et al. (1996) . Thus in this study, 1 pg DNA was digested with 10 units HindIII and TaqI in a final volume of 30 p1. HindIII and TaqI adaptors were added to a final concentration of 0.04 and 0.4 pM, respectively, and ligated to the restriction fragments. The DNA was subsequently precipitated with 1.25 M ammonium acetate and 50% (v/v) 2-propanol. Template DNAs were stored at -20 "C.
AFLP reactions. AFLP reactions employed two oligonucleotide primers, one corresponding to the HindIII ends and one corresponding to the TaqI ends. The Hind111 primer was radioactively end-labelled using [Y-~~PIATP and T4 polynucleotide kinase (Vos et al., 1995) . Selective amplification and PCR reactions were performed on a PE 9600 thermocycler (Perkin Elmer) and as described by Janssen et al. (1996) .
Gel analysis. Prior to gel loading and electrophoresis, mixtures were heated for 3 min at 95 "C and then rapidly cooled on ice to prevent nucleic acid secondary structures from reannealing. Each sample (1.8-2-0 p1) was loaded on a 5 % denaturing sequencing polyacrylamide gel (obtained as premixed SequaGel solutions from National Diagnostics). To 100 ml casting solution, 0.8 ml 10 O h ammonium persulfate and 40 pl N,N,N',N'-te tramethyle t hylenediamine were added, and gels were cast using a SequiGen 38 x 50 cm gel apparatus (Bio-Rad). TBE (100 mM Tris, 100 mM boric acid, 2mM EDTA; pH 8.3) was used as electrophoresis buffer. Gels were run at a constant power of 110 W for approximately 150 min. After electrophoresis, gels were transferred to 3MM Whatman chromatography paper and vacuum-dried on a gel dryer (model 583; Bio-Rad) for 50 min at 80 "C. A sheet of Hyperfilm MP (Amersham) was exposed to the dried gel. Exposure times varied between 19 and 24 h, depending on the measured radioactivity of the gel. Films were developed using a Fuji RGII X-ray Film Processor. Autoradiograms were scanned by a RayVen RSU 1 densitoscanner (X-Ray Scanner). Digitized optical densities were saved as TIFF files and further processed using the GelCompar 3.1 software (Applied Maths, Kortrijk, Belgium). Digital images were normalized and combined according to the methods described by Vauterin & Vauterin (1992) . A similarity matrix was created using the Dice coefficient, SAB (Sneath & Sokal, 1973) . For band comparison, a band position tolerance value of 0.8% was allowed to compensate for misalignment of homologous bands due to technical imperfections. The unweighted pair group method using average linkages was used to cluster the patterns (Priest & Austin, 1993; Sneath & Sokal, 1973; Vauterin & Vauterin, 1992 ). Each strain was tested only once. DNA-DNA hybridization. DNA for DNA-DNA hybridization was extracted and purified as described by Marmur (1961) . The levels of DNA binding were determined spectrophotometrically from the initial renaturation rates as described by De Ley et al. (1970) . The experiments were carried out in 2 x SSC (SSC is 0.1 5 M NaCl, 0.01 5 M sodium citrate) at 70.9 "C, a temperature calculated from the G + C mol YO as described by De Ley (1970) . Each figure is the mean of triplicate experiments. Ri botyping. Ribotyping was performed following the method described previously (Austin et al., 1995) . DNA was extracted from overnight cultures in tryptic casein soy broth supplemented with 2 % (w/v) NaC1, using the AutoGen automate. DNA (2-5 mg) was digested with MluI (Boehringer Mannheim). Restriction fragments were separated by electrophoresis in 0.8 YO agarose gels (Appligene) in TBE (89 mM Tris, 89 mM boric acid, 2 mM EDTA; pH 8.3) buffer and subsequently transferred (VacuGene System ; Pharmacia-LKB) and fixed (80 "C for 15 min) to nylon membranes (Hybond-N; Amersham International). Hybridization with an acetylaminofluorene-labelled rRNA probe (Eugentec) and subsequent immunoenzymic revelation of hybridized fragments by the application of mouse antiacetylaminofluorene monoclonal antibodies followed by phosphatase-conjugated anti-mouse antibody, and using nitro blue tetrazolium (Sigma) and 5-bromo-4-chloro-3-indolyl phosphate (Sigma) as substrates, was performed as described by Grimont et al. (1989) and Austin et al. (1995) . Alternatively, the method described by Pedersen & Larsen (1993) was used. The type cultures were tested several times in various combinations, always with identical results, apart from a few cases of incomplete digestion, whereas other strains tested were run only once.
Plasmid profiling and restriction analysis of plasmids.
Bacteria were propagated overnight at 20°C in LuriaBertani broth (Gibco) or veal infusion broth (Difco) supplemented with 0.5 YO (w/v) NaC1. Plasmid DNA was extracted by the method of Kado & Liu (1981) , separated by gel electrophoresis in 0.6-1.0 YO agarose gels (SeaKem GTG; FMC BioProducts) in TAE buffer, pH 8.0 (40 mM Tris, 5 mM sodium acetate, 1 mM EDTA), stained with ethidium bromide (2 mg ml-') and photographed under UV light. Restriction analysis was carried out as described by Pedersen et al. (1996a) . Briefly, plasmid DNA was extracted by the method of Olsen (1990) and digested with HindIII, BamHI or EcoRI according to the manufacturer's instructions (Promega). Fragments were separated on 1 SO YO agarose gels and stained with ethidium bromide or SYBR Green DNA Gel Stain I (FMC BioProducts). HindIII-digested lambda DNA was used as molecular mass markers. All plasmid experiments were run at least in triplicate.
RESULTS
AFLP genomic fingerprinting
After numerical analysis of the AFLP banding patterns of the strains, using SAB, nine clusters were delineated Vibrio carchariae is a junior synonym of V. harveyi at 50% (Fig. 1) One strain was from sea bass, whereas remaining strains were from environmental sources (n = 4), shrimp (n = 1) or unknown (n = 2). The strains came from South America, Hawaii, Asia and Europe.
The strains in cluster 4 originated from shellfish (n = 8) and fish (n = 1). They had been isolated in South America, Asia and Africa. Three of the strains in this cluster were originally identified as V. vulnijicus. However, the type strains of V. vulniJicus clustered separately from these three strains and had a clearly different AFLP banding pattern. The ribotype patterns of the tested strains belonging to AFLP cluster 1 showed some diversity. The unclustered strain VIB 648, between AFLP clusters I and 2, had a ribotype pattern that was indistinguishable from that of VIB 660 from AFLP cluster 1 and, likewise, the ribotype pattern of strain VIB 646 from AFLP cluster 2 was almost identical to that of VIB 651 from AFLP cluster 1.
Plasmids
In general, profiles were heterogeneous, with plasmid sizes ranging from 3.0 to approximately 150 kb. However, some plasmids showed considerable homology, as judged from the restriction analysis using three different restriction enzymes, BamHI, Hind111 and EcoRI. Some V . harveyi strains isolated from the Mediterranean area carried a plasmid varying in size from 70 to approximately 95 kb. This plasmid was detected in 16 strains belonging to the bona fide V. harveyi AFLP cluster 1. Plasmids of similar size were found outside this cluster, but these plasmids were all unrelated to the 70-95 kb plasmid found in AFLP cluster 1, as judged from their restriction patterns. Likewise, six of these strains of the AFLP cluster 1 additionally carried a plasmid of 4&50 kb with a high degree of homology, as judged from their restriction patterns, whereas plasmids of similar size in other strains both in and outside AFLP cluster 1 were unrelated to this plasmid. Finally, the 135 kb plasmid of strain 651 (AFLP cluster l), the 150 kb plasmid of strain VIB 648 (unclustered strain between AFLP clusters 1 and 2) and the 130 kb plasmid of VIB 646 Vibrio carchariae is a junior synonym of V. harveyi (AFLP cluster 2) had similar, although not identical, restriction patterns.
DISCUSSION
This study has sought to re-examine the phenotypic and genotypic heterogeneity within, and relationship between, V. harveyi and V. carchariae. For this purpose, bacterial isolates were collected from a range of geographical locations, hosts and environmental sources, and subjected to investigation.
AFLP
AFLP is a reliable and reproducible genomic fingerprinting technique that has been applied in recent taxonomic studies Janssen et al., 1996; Verdonck et al., 1995) . In these studies, numerical analyses of the AFLP banding patterns not only confirmed the genomic groups in Xanthornonas, Aeromonas and Vibrio which were formed on the basis of DNA-DNA hybridization and/or ribotyping, but also allowed the differentiation of individual strains of a species. In the present study, AFLP fingerprinting was used successfully to differentiate between strains in the collection. (Ishimaru & Muroga, 1997) . In the present study, the two Vibrio sp. Zoea strains 862-1 and 872-1 both belonged to the AFLP cluster 3 with uncertain taxonomic position.
Ribotyping
The ribotyping data supported the AFLP and DNA-DNA hybridization results. (Dorsch et al., 1992) . The highest homology was found between V. harveyi and V . alginolyticus (99.17 YO) (Aznar et al., 1994) and between V. alginolyticus and V. campbellii (99.9 YO) (Wiik et al., 1995) . These sequence similarities almost correspond to that found between V. anguillarum serogroups 0 1 and 0 2 (Wiik et al., 1995 (Ruimy et al., 1994) .
V. carchariae and V. harveyi are frequently isolated together from sharks or from the environment (Grimes et al., 1985 (Grimes et al., , 1993 , and numerical taxonomy based on biochemical characters has shown that they cluster together with a high similarity. However, in the literature, a set of characters by which they can be distinguished has never been published. In a study by Grimes et al. (1993) , 21 V. harveyi and three V. carchariae strains clustered together. However, these authors were able to distinguish between the two species at a high level of similarity and it was indicated that there may be differences between them on the basis of their utilization of certain compounds as sole carbon sources. Alsina & Blanch (1994) also recorded that V. harveyi and V . carchariae were different in their utilization of melibiose and arabinose as sole carbon sources. Urease production is mentioned as an important trait for virulence of both V. carchariae and V. damselae but some V . harveyi isolates have also been described as urease-positive (Bryant et al., 1986a, b; Grimes et al., 1985 Grimes et al., , 1993 (Grimes et al., 1993) . We therefore doubt the authenticity of our subculture of VIB 350.
Plasmids
Some of the V . harveyi isolates contained one or two plasmids, approximately 40-50 and 70-80 kb, respectively, showing homology by restriction analysis. These isolates all fell into the AFLP cluster 1. They were all isolated from diseased fish (sea bass, sea bream or turbot). Additionally, they were all isolated from the Mediterranean area. Such plasmids that, within a species or a sub-group of a species, display homology have also been detected in other Vibrio species, e.g. V . vulniJicus (Biosca et al., 1997) , Vibrio ordalii (Pedersen et al., 1996a) and V . anguillarum (additional to the pJMl plasmid) (Pedersen et al., 1996b) . However, other strains also carried plasmids. In general, there
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Vibrio carchariae is a junior synonym of V. harveyi was considerable diversity in the size of these plasmids. Only a single report on the presence of plasmids in I/. harveyi has appeared so far : McCall & Sizemore (1 979) found that some strains carried a plasmid of 38 MDa that encoded a bacteriocin. Whether this plasmid was related to the ones described in the present study is unknown. An important observation was that three other strains, VIB 651, VIB 648 and VIB 646, shared a plasmid with some homology. These three strains all came from the same aquarium, but while two of the strains were from water samples, the third was isolated in pure culture from the liver of a dead shark, and thus had caused septicaemia in the shark. VIB 65 1 belonged to AFLP cluster 1, VIB 646 to AFLP cluster 2, and the third, VIB 648, was the unclustered strain between clusters 1 and 2. Additionally, these three strains had almost identical ribotype patterns. These results strongly indicate that AFLP clusters 1 and 2 and the unclustered VIB 648 should be considered to be V. harveyi.
